Prenylamine block of Nav1.5 channel is mediated via a receptor distinct from that of local anesthetics.
We have shown previously that prenylamine, a calcium channel blocker, has potent local anesthetic activity in vivo and in vitro. We now characterize the tonic and use-dependent block of prenylamine on wild-type human cardiac voltage-gated sodium channels (hNav1.5) transiently expressed in human embryonic kidney 293t cells under whole-cell voltage-clamp condition. We also determine whether prenylamine and local anesthetics interact with a common binding site on the Nav1.5 channel by analyzing prenylamine block on mutant hNav1.5 channels that have substitution mutations in amino acids at the putative local anesthetic binding sites. Prenylamine exhibits tonic block at both hyperpolarizing and depolarizing potentials on hNav1.5 channels with 50% inhibitory concentrations of 9.67 +/- 0.25 microM and 0.72 +/- 0.02 microM, respectively. Substitutions of the amino acids at the putative local anesthetic binding site (i.e., F1760, N1765, Y1767, and N406) with lysine had much lesser effects on prenylamine block of the mutant hNav1.5 channels compared with local anesthetic block. The affinity of prenylamine was reduced at most by 5.8-fold, whereas that of bupivacaine, a known local anesthetic, was reduced by as much as 68-fold compared with wild-type by the mutations at the local anesthetic receptor site. Furthermore, equilibrium results between prenylamine-bupivacaine mixtures suggest two independent receptors. Thus, the data demonstrate that prenylamine has both tonic and use-dependent block of hNav1.5 channels similar to that of local anesthetics, but the location of the prenylamine binding site on hNav1.5 differs from that of the local anesthetic binding site.